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Development of RF-carpet ion guide &
Spectroscopy of Be Isotopes at Prototype SLOWRI
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M.Wada et al, NIM 204 (2003) 570.
Proposed in 1997, Proof of Principle in 2000, 100MeV/u Li8 in 2003,

used for Be spectroscopy in 2005-09, standard technology in worldwide



Photo Gallery &
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Yield and efficiency of slow Li-8 ions

gas cell °Li from RIP!
RF carpet " |
detector \ \ T T s T -1
Ibha d «-J- -
alpha decayl=—== Bl T
lﬁ% wedge
degrader

cylindrical
dc electrodes

~100 A MeV 8Li ions from RIPS

8Li: delayed alpha decay
reliable measurements
very light ion

Overall Efficiency: ~5% max
(lon guide Efficiency: ~33% max)
Yield of 8Li: 24 kcps max

M.Wada et al, NIM B204(2003)570
| M.Wada, NIM A532(2004) 40
AC-DC Dependence of Yield A.Takamine et al, RSI 76(2005) 103503
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Laser Spectroscopy of Trapped Be ions
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Precision hfs measurement of Be-7 Okada et al, PRL 101, 212502 (2008)
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HFS Spectroscopy of ''Be* (T1,2=13.8s)

A. Takamine et al;-to-be submitted———
Data: A11BeMW22_¢cnt21622:
2 2 2 . Model: LorentzRabi
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Charge & Magnetization Radii of Be Isotopes

Be7 Be9 BelO Bel |
HFS constant A (MHz) -742.7722(4) -625.0088370529(11) - -2677.308(2)
Nuclear Mag. Moment (n.m) [ -1.39928(2) ] -1.177432(3) - (-)1.6816(8)
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Accurate and independent measurement of U and A

Zeeman Splittings of the Ground-State Hyperfine Structure of 9Be

SO
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T.Nakamura et al, Opt Comm 205 (2002) 329.



Planned & Possible Exp. @ SLOWRI

. Mass Measurements (MR-TOF-MS)

Charge Radii (Collinear Laser Spectroscopy)
Hyperfine Structure (Trap, Laser-MWV Spectroscopy)
T1/2, QB, B.R.(By-delayed particle spectroscopy)
Nuclear Moments (hfs, -NMR, PAC)

Fundamental Symmetry (B-decay in free space)
Highly charged RI (EBIT)

Antiprotonic Radioactive Atoms

. Inbeam-Yy, Astrophysics (post acceleration)



Mass known:=2000 - =3000 15X Expands
Opt. Spectroscopy =600 - >1200 2 X Knowledge
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MRTOF Mass Spectrograph

buncher ion mirror ion mirror ion detector
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a prototype MRT&

* All isobars are measured (simultaneously) in one spectrum.
* No scan is needed, all particles contribute to statistics.

e AM ~ |0 keV/c? is feasible in 2 ms cycle. . .
Simple device but advantage to

o Penning Trap for short-lived nuclei
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relative uncertainty

mass uncertainty and half-life
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new MRTOF setup

ll_ll: DI
MRP ~ 2,500,000 (opt. lim.) Portable MRTOF MS
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BeGan ( Byn counter)

Ti2, Qp, Branching Ratio measurements
for pure Rl at low background

Tape Transport Plastic Scintillator (beta)
\\ /—leS n-Proportional Counter
i L\ ]
| N\ J
\ N\
' \
| i 2
slow Rl beams from>————————— [~ | HP-Gepetector
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| 7|
~
Photo multipligr
)
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Plan absolute efficiency: B 90%, Y 5%@ | MeV, n 40%



Antiprotonic radioactive atoms (Exo+pbar)

I.X-ra A new probe for
¥ Captured pbar nuclear structure study of
-3 charged pions N unstable nuclei

nnihilation at peripher
beriphery * annihilation at p = 0.001 ~ 0.05p

2 S * pbar distinguishes p and n
2. pions net charge: 3‘?A°'I:AR-?;!due
0: pp Z-1: pp
-1:pn N-1: pn

for | previous works for

physical quantity | observable method RIB* | stable nuclei

. . Trzcinska et al,
nuclear size X-ray (min. n,l) ? | on ool enso!
calorimetric Bugg et al, bubble chamber
pion net charge — exp. for C,Ti,Ta,Pb.
p,n abundance at statistical O | PRL31(1973)475
Jastrebski et al, Nucl. Phys
nuclear surface cold residye | 82MmMa-ray e 59mA0E
recoil momentum PI O
surface nucleon’s . .
cold residue recoil momentum ?

momentum

|§ radioactive nuclei require efficient detection methods



Available Beam Time
RIBF

5 months/y
2 weeks/y for SLOWRI 7 1\

5 mon./y for SLOW



Projectile Fragmentation

from, e.g., 350A MeV Xel36 0.5puA

Many nuclides are
simultaneously produced from
a single ion beam

Cd| Cd| CdCdCd| Cd cCd
Ag| Ag

Pd/ PdPdPd Pd Pd
Rh

Ru’ RuRuRuRuRu|  Ru

When other one plays with 78N,
" Many nuclides are freely available at Fl

Yb Yb
Tm
Er Er Er Er Er
Ho
DyDy Dy Dy Dy
Tb
GdGdGdGdGd Gd
Eu Eu
Sm Sm Sm Sm

Dy Dy

dNd NdNd  Nd

Xe 0.5pu A
(3*10M 2 pps)

—1 Gpps
=
{1 Mpps
u
m—1 kpps
1
%F PPS

u
B 1 mpps



PALIS

PArasitic slow RI-beam with gas catcher Laser lon Source

Main beam
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differential pumping

1) Stop & Neutralize in Ar (1 bar)
N | . / 2) Extract by Gas Flow
===y = 3) Re-lonize at Exit and SPIG

f

not universal, not very fast but
A/Z, Z, A separation



Dy Dy |

GdGdGdGd!
Eu Eu
Sm Sm Sm Sm

NdNd NdNd Nd

Yield at F1 (5cm cgll, 105-155mm) o o0 &

La 6.1 55 45
Ba Ba BaBaBaBa B’a 6.8 6.4/5.4 4.6 3.1
Cs 7.4/ 7116357 |46 3.1
P - - Xe XeXeXeXeXe Xe 7.5 7.4 6.8/6.4/58 4332
rl. Beam. U 1 OO DnA | 7.6 7.5 7.1 6.7/6.0[53 41 3.1
Te Te TeTeTe 7.7 7.9 79 7.2 6.9/ 6.2[57 4738
. . Sb  Sb 700 7.4 8.1 7.917.5 6% 518 [0 142 1310
M a I n B e m N HawXe) S NS NS S TS NS NS NS NS NS o 7.2 7.8 7.60 7,70 7.3 6,788 48] 3. |
« INTT U In 7380 7.6 7.6 7.1 7063 5% 5%
Cd Cd CdcdCd Cd Cd 73 7.7 7.7 7.7 69 |6 |58 [ [33
Ag Ag 7.3 7.6 7.8 7.9 7.2 7.1/6.2[5850/43 2.9
Pd PdPdPd Pd Pd 7.1 7.6 7.8 8.0 7.3 7.36.4[6.1 85344 3.0
Rh 6.9 7.5 7.9 8.0 7.5 7.4 7.0/6.3[54 47 35
Ru RuRuRuRuRu Ru 7.3 7.8 8.1 7.6 7.5 7.1 6.5/5:7[5.0/3.8
7.0 7.8 8.0 7.6 7.6 7.2 6759 8% |47 (37
Mo MoMoMoMoMo 7.9 7.8 7.9 7.6 7.6 7.0 6.8/6.1/5:5 4.4 3.6
Nb 7.8 7.8 8.0 7.6 7.6 7.3 6.9 6.2 JBl6 47 |31
Zr Zr Zr Zr 6.9 7.7 8.1 7.8 7.8/7.1 6.9 6.3/5:8 419 4.1 |26
7.6 8.0 7.8 7.9 7.5 7.2/6.5 588K 143 311
Sr  Sr Sr Sr 7.5 7.9 7.7 7.8 7.4 7.4/6:66:3 518 a7 (333
Rb 64 7.6 7.7 7.8 7.6 7.3 6.9 6.5 5l 416 [358 |2l

Kr Kr Kr Kr Kr Kr 7.5 7.6 7.8 7.5 7.4/ 6.8/ 6.4/5.7 [5:2[ 4233

Br Br 7.5 7.6 7.5 7.5/7.0 6.6/5.8/5:2 4335
Se SeSeSe Se 38/ 7.4 7.6 7.4 7.4/ 7.0/ 6.8 612 |5 |4 |37
As 68 7.5 /7.4 7.4 7.0 6.9 6% |8 % 4%
GeGeGe Ge 7:317.2 7.3 170 7.0 [T |57 4% 4% 2%

Ga &% 7.1 72170 618 6% ot |7 % 157 [B%
69 7.1/6.9 6.6 64 &% 6% 50 158 |33
67668 6.6/ 6% BT [BH 143 3%
5.7 6.9 6.8 6.7 6.3 6.1 5.0/ 5.2 4.4 3.8 z.a-
Co 6.5/6.5 6.5 6.2/6.1/556 53345540 3.0
Fe Fe FeFe 6.2/6.2/6.4/6.16.1/5%[52 46 4.1]3.1 28
Mn 6.1 6.2/6.0/6.05% 51347 42 3.3 2%
Cr Cr Cr 417 |60 519 1519 |5 |51 |46 1413 |33 |28
Vi 5.8/5:85:8514 5247 [43[355 2.9
Ti Ti Ti Ti Ti 5.5 516 56535246 [4.3/3:5/3.0
Sc 5.3 |58 514 |51 (4.7 [42[3.7 [ 3.0
Ca CaCaCa Calais|s3 |5k 5% |45 4% 356 3.1
K K 45[4949 54 [48 4639 35
Ar Ar Ar %t S 4% |48 400 376 B
Cl Cl A% 4% A% % 4% 33 |30
S 8§ S S as[az24s 38 3728 |28
B 4.1/39/42 38[3.7/3.1 28
Si Si Si 35317 |40 376 [ 356 26 2
Al 3.33.7/3.6/3.56 3.02%

MgMgMg 3.4[3.33.4[28 27
Na 27 3.1/3.2 2928
NeNe Ne 2§ '35 28 |2
F 2.6 2.7 2.7

OOk B




Expected efficiency

(beside laser ionization)

€ (%) = stopping x gas transport X non decay | barAr
100 T T T 350 MeViu
Gas Cell -20cm x 5cm ¢ e | A=78 with

Pb degrader
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Experimental result @ K.U Leuven LISOL

* laser ionization and extraction

3.2MeV/u 58Nibeam — e——— Ar 500 mbar

total efﬁaency (experlment) Experimental result @LISOL

100
ol 5| testat Leuven
1o b % '-c; 5'5.::.: :,:x © © 00000 00 0 0 00 |
71 May I7th
B I | S C I R " R H *”“ .
: ‘+_¢ N Iaslrers-r;:n
01 & v
Lot F_;; ‘ .
} L N L I,il I
001 +
1 lasers-off

100 1000 10000 100000 1e+06 1e+07 1e+08 1e+08 1e+10 1e+11
The number of incoming particle of *2Ni (pps)



Overview of advanced slowri facility

Superconducting Cyclotron

PALIS
Extractor

Vertical Mass Separator

Fast Rl from :

BigRIP
igRIPS (Decay Spectrometers)

ce lonization Laser

Resonan

(Laser Spectroscopy &
beta-NMR setup) ),




Post Acceleration | QW

X

X

L
Bl exp. room (10mx60m)
,,,,,,,,,,,,,,,, =
If PARIS provides high intensity slow L
RI-beam, for everyday
post acceleration is feasible.




Pros & Cons of RF-IGISOL & PARIS

RF-IGISOL PARIS
universality © AN
high intensity JAN ©
short-lived O JAN
total efficiency O JAN
purity o @)
availability X @)

O>0O0>A>X
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